Introduction
Fluid turbulence is a typical and important example of chaotic dynamical systems, and some aspects of turbulence have been studied from this point of view by several researchers. However, it is not well understood how and what sort of properties of dynamical systems are related to physically important properties of turbulence including the Kolmogorov scaling laws and the intermittency.
Hyperbolicity is one of the fundamental properties of dynamical systems. A dynamical system is called to be hyperbolic if the tangent space of the phase space can be decomposed into the stable and unstable directions (Oseledec decomposition), i.e. the stable and unstable manifolds intersect at nonzero angles.
It is an important problem in the dynamical system theory whether the system is hyperbolic or not, and so several studies have revealed the hyperbolic parameter regions of some dynamical systems. Kuptsov et al. (2009) performed a parameter survey of the one-dimensional coupled Ginzburg-Landau equations [2] using the covariant Lyapunov analysis (mentioned below), and argued that the system becomes non-hyperbolic at a certain parameter value, demonstrating an extensive spatiotemporal chaos after the hyperbolic-nonhyperbolic transition. However, little is known about the hyperbolicity of fluid systems governed by the Navier-Stokes equations. Here, we investigate numerically the hyperbolicity of a fluid system (Kolmogorov flows) and its relations to physical properties. We here focus our attention on behaviors of the time-correlation function of vorticity as one of the fundamental physical properties. 
Methods of analysis
where u = u(x, y, t) = (u, v) is the velocity, ( = ((x, y, t) = OxV-ayu the vorticity, R the Reynolds number, and n the wavenumber of external forcing (n = 2 in this paper). The governing equation ( For the covariant Lyapunov analysis, we used the data set of the Fourier coefficients in the period from t = 1.00 x 10 4 tot= 17.0 x 10 4 where the solution is well within the attractor. Degree of hyperbolicity is estimated quantitatively along the solution orbit by measuring the angle between the local stable and unstable manifolds by the use of the covariant Lyapunov analysis recentry proposed by Ginelli et al. (2007) [1] , which gives Lyapunov vectors tangent to the local stable and unstable manifolds.
Results
Kolmogorov flow becomes chaotic at the Reynolds number R/ Rcr c:::: 18.2, at which a positive Lyapunov exponent arises. We are interested in the degree of hyperbolicity of the chaotic Kolmogorov flows and its relations with physical properties, and employ the covariant Lyapunov analysis in the range of 20.0 ::; R/ Rcr ::; 24.0 where positive Lyapunov exponents are observed.
Degree of hyperbolicity
We numerically obtain the probability density function (PDF, P(O)) of the angles between the local stable and unstable manifolds along the solution orbit. 
Time-correlation function
We compute the time-correlation function of vorticity for several Reynolds numbers across the hyperbolic/nonhyperbolic transition point. 
